We studied 33 consecutive patients with computed tomographic findings of decreased density in the periventricular white matter (leukoaraiosis). Computed tomograms in five (aged 56-75 years) of the 33 demonstrated intracerebral hematoma. The hemorrhages were situated in the thalamic area in four and in the parietotemporal area in one patient. These five patients were hypertensive and had signs characteristic of parenchymal hemorrhage. Three of the five patients had progressive dementia prior to the ictus, and two of the three also had a history of single or multiple strokes. There was no significant difference in the clinical findings of hematoma patients with or without leukoaraiosis. {Stroke 1989;20:1016-1020) I mproved contrast resolution of currently available computed tomographic (CT) scanners has resulted in the frequent demonstration of white matter lucencies in the brains of elderly patients. Bilateral and symmetric periventricular white matter lucencies, or leukoaraiosis, 1 found on CT scans has been attributed to several diseases (such as multiinfarct dementia or Binswanger's disease or dementia of the Alzheimer type) and to normal aging. We describe five patients who had leukoaraiosis and intracerebral hematoma on their CT scans, and we discuss the possible mechanisms of periventricular white matter lucencies and intracerebral hematoma.
I mproved contrast resolution of currently available computed tomographic (CT) scanners has resulted in the frequent demonstration of white matter lucencies in the brains of elderly patients. Bilateral and symmetric periventricular white matter lucencies, or leukoaraiosis, 1 found on CT scans has been attributed to several diseases (such as multiinfarct dementia or Binswanger's disease or dementia of the Alzheimer type) and to normal aging. 2 - 16 In the last few years, the same type images have been encountered in demented and nondemented patients with cerebrovascular disease. - 18 A high prevalence of lacunar infarcts has been reported in most studies of patients with leukoaraiosis. 4 ' 10 ' 11 ' 16 -18 On the other hand, intracerebral hematoma has been reported in only a few cases. 4 -14 We describe five patients who had leukoaraiosis and intracerebral hematoma on their CT scans, and we discuss the possible mechanisms of periventricular white matter lucencies and intracerebral hematoma.
Subjects and Methods
From February to July 1988, 2,275 patients underwent technically satisfactory brain imaging at the CT unit of Hacettepe University Medical School during routine clinical operation. The CT scans were done using a third-generation scanner (Philips Tomoscan 350, Eindhoven, The Netherlands). A diagnosis of leukoaraiosis based on cranial CT examinations of adults was made when two investigators independently found that the white matter of the cerebral hemispheres, including not only the periventricular white matter but also the core of the centrum semiovale, was hypodense. An area was considered lucent if the density was between that of normal white matter and the cerebrospinal fluid. The extent of the periventricular lucencies was graded as mild or marked based on visual impression. The CT scans were also analyzed for ventricular and sulcal enlargement, for cortical atrophy in the frontal, temporal, parietal, and occipital regions, and for central atrophy in the frontal and occipital regions. The presence and location of infarcts and hematomas were also evaluated.
Each patient with leukoaraiosis received a neurologic and a complete physical examination, and a neurologic history was taken. Patients were considered hypertensive if their sustained blood pressure was > 140/90 mm Hg or if they were receiving antihypertensive medications because that diagnosis had been previously established.
We excluded patients with multiple sclerosis, watershed infarction, radiation leukoencephalopathy, a history of anoxia, leukodystrophy, tumors, trauma, or other nonvascular causes of white matter disease.
Results
We identified leukoaraiosis in 33 (13 women and 20 men aged 50-82 [mean 67] years) of the 2,275 patients examined by CT during the 5 months (incidence 1.5%) ( Table 1 ). The incidence of hypertension among the 33 patients was 94%. Twenty-one were considered demented (incidence 64%), but this may be a falsely low figure because of the insensitivity of the bedside mental status examination for mild degrees of dementia. Fifteen patients had been referred for CT examination because of recent cerebrovascular attacks, and eight patients had a history of stroke. Thus, cerebrovascular disease was present in 23 of the 33 patients (incidence 70%).
Among the 2,275 patients, CT revealed that 42 had a spontaneous intracerebral hematoma. Among the 33 patients with leukoaraiosis, five (aged 56-75 [mean 65] years) had an intracerebral hematoma (incidence 15%). Thus, the prevalence of leukoaraiosis among the 42 patients with intracerebral hematoma was 12%.
The CT characteristics of the five patients with both leukoaraiosis and intracerebral hematoma were varied. Two had small deep hematomas; four of the hemorrhages were in the thalamic area and the other was in the parietotemporal area (Figures 1-3 ). One patient with a thalamic hematoma (Case 1) had had a hemorrhage 1 year prior to her examination; her last CT scan 1 year after the hemorrhage showed a cystic area that resembled a thalamic lacune ( Figure 1 ). Only one of the thalamic hemorrhages (in Case 3) and the lobar hematoma (in Case 5) showed ventricular extension. A follow-up CT scan performed in Case 5 22 days after the initial study showed resolution of the hematoma with ring enhancement; there was no postcontrast opacification of abnormal serpiginous vascular channels adjacent to the hematoma nor were there calcium deposits in its vicinity ( Figure 3 ).
All five patients with both leukoaraiosis and intracerebral hemorrhage had chronic arterial hypertension; the degree of hypertension was mild in one (Case 3), moderate in one (Case 2), and severe in the other three. Case 3 was not receiving any medication; the others received treatment on an irregular basis. Case 3 had normal funduscopic findings, but the other four patients had hypertensive arteriosclerotic changes. The electrocardiograms showed no abnormality in Cases 1 and 2 or left ventricular hypertrophy in Cases 3-5.
Three patients (Cases 2, 4, and 5) had histories of dementia prior to the ictus. Case 2 had a history of three previous strokes before the last incident of hemorrhage. Case 4 had right hemiparesis and aphasia 1 year previously, and CT at that time revealed bilateral periventricular hypodense areas. Table 2 summarizes the clinical and CT characteristics of the five patients with both leukoaraiosis and intracerebral hemorrhage. The patients with hematomas in the thalamic area (Cases 1-4) showed neurologic abnormalities consistent with thalamocapsular involvement. The three patients with left hemisphere localization (Cases 2-4) were aphasic; none had vertical gaze paralysis. The patient with the right parietotemporal lobar hematoma (Case 5) had minor parietal lobe findings, such as denial and contralateral visual and tactile extinction, in addition to minimal left hemiparesis and left homonymous hemianopsia.
None of the five patients was taking warfarin or sympathomimetic agents at the time of their hemorrhage, and none had diabetes, coagulation disorders, or brain tumor. Angiography and surgery were not performed in any patient. They all survived with different degrees of residual findings.
Discussion
The incidence of intracerebral hematoma in patients with leukoaraiosis was 15% in our series. Three of these five patients had histories of insidious progression of memory deficit; two also had had single or multiple strokes. On the other hand, there were no significant differences in the clinical findings of hematoma patients with or without leukoaraiosis.
The etiopathogenesis of leukoaraiosis is controversial. The periventricular hypodense nonenhancing lesions demonstrated on CT scans have been FIGURE Hypertension is also a major risk factor for intracerebral hemorrhage. 21 Intizari et al 17 showed that both hypertension and lacunes were significantly linked with leukoaraiosis. On the other hand, Fisher 22 - 23 pointed out that cerebral hemorrhage was frequently associated with lacunes. In a morphometric study of subarachnoid and white matter arteries in "Binswanger's encephalopathy," hypertensive encephalopathy, and hypertensive intracerebral hemorrhage, prominent medial hypertrophy was qualitatively similar. 24 These studies suggest that the arteriosclerotic changes related to hypertension may be the etiologic factor in the development of lacunes, intracerebral hemorrhage, and leukoaraiosis. Therefore, intracerebral hemorrhage with leukoaraiosis may also be explained by the effect of hypertension.
It is surprising that there are only a few reported intracerebral hematomas in patients with CTdiagnosed leukoaraiosis. One patient of Loizou et al, 4 who had hypertension and white matter lowattenuation areas on CT, also had a cerebellar hematoma, and a patient of McQuinn and O'Leary 14 survived a left frontal intracerebral hemorrhage 1 year prior to her examination. However, intracerebral hemorrhage was not mentioned in many CT series of cases with leukoaraiosis. 5 Magnetic resonance imaging (MRI) is more sensitive in identifying white matter changes in patients with intracerebral hemorrhage. Kertesz et al 25 recently showed that MRI was clearly better than CT in demonstrating periventricular hyperintensities in more than half of their infarct and hemorrhage cases. In their series of 142 patients and controls with periventricular changes, 18 had intracerebral hemorrhage (incidence 12.7%), which is in accordance with our findings.
Another possible cause of leukoaraiosis and intracerebral hemorrhage is cerebral amyloid angiopathy, which must now be considered an important etiologic factor in primary nontraumatic brain hemorrhage. 26 Although many cases are normotensive, a significant proportion (>30%) of individuals with cerebral amyloid angiopathy-related intracerebral hemorrhage have clinically documented hypertension. 26 -28 Cerebral amyloid angiopathyrelated intracerebral hemorrhage occurs in elderly, frequently demented individuals as a cerebral lobar hemorrhage, and over time several lobes on both sides of the brain may be involved. 26 - 28 The vessels of the basal ganglia, cerebellum, and brainstem are seldom involved, 28 and thalamic 27 and basal ganglionic 29 -30 hemorrhage occurs only rarely.
Dubas et al 31 suggested that amyloid changes occur in patients with leukoencephalopathy. In pathologic examination, Roullet et al 32 -34 observed severe white matter changes in patients with diffuse and severe cerebral amyloid angiopathy. Only four of their 10 patients had CT scans, but bilateral hypodensities of the hemispheric white matter consistent with leukoaraiosis were demonstrated in these patients.
The final diagnosis of cerebral amyloid angiopathy requires brain biopsy or autopsy, 26 but cerebral amyloid angiopathy should be suspected in any elderly patient presenting with intracerebral hemorrhage in an atypical site. 35 Although we do not have microscopic verification, the etiologic factor (in our patient with lobar hematoma) may have been cerebral amyloid angiopathy.
In conclusion, we detected intracerebral hemorrhage in five of 33 patients who also had leukoaraiosis on CT examination. We believe that this is not a coincidental finding. Although occlusive-type vascular lesions are common in patients with leukoaraiosis, intracerebral hematoma can also be seen in 15%. Hypertension and/or cerebral amyloid angiopathy may therefore play a role in the development of leukoaraiosis in association with intracerebral hematoma.
Note added in proof. Since the submission of this study, Case 5 was hospitalized because of a recent left thalamic hematoma 14 months after his initial admission, which supports the diagnosis of cerebral amyloid angiopathy.
